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under different invasion scenarios, the presence of the invasive fucoid 23 algae, Sargassum muticum, and nutrient conditions were manipulated in the field to test for 24 their independent and cumulative effects. Their combined effects on the diversity and 25 functioning of rock pool communities were quantified. Rock pools with S. muticum contained 26 fewer species, lower macroalgal and microalgal biomass, and their overall benthic 27 assemblage structure differed from pools without S. muticum. Both the presence of S. 28 muticum and nutrient enrichment affected different functional groups of algae differently. 29
Their cumulative effects, however, did not differ with increasing intensity of nutrient 30 enrichment. Furthermore, invaded communities from which S. muticum had been removed 31 manually, tended towards greater species richness following removal than pools where S. 32 muticum remained present, indicating a potential for recovery. These findings highlight the 33 S. muticum present were selected randomly on the mid shore. Sargassum muticum was 142 removed carefully (using a flat chisel to ensure the whole of the holdfast was removed, 143 preventing plant regrowth) from half of the rock pools with S. muticum present (15 pools). 144
This removal treatment was important to test for and assess any potentially confounding 145 variables that may have co-varied with the presence of S. muticum (O'Connor et al. 2006 , 146
Underwood 2009) and to identify nutrient enrichment effects on recovering communities 147 after invader removal. All rock pools were similar in size (mean ± S.E.: length = 118.6 ± 4.5 148 cm; width = 66.4 ± 3.1 cm; and depth = 14.4 ± 0.8 cm), within the same shore height and 149 exposure. The initial percentage cover of S. muticum in all invaded pools was 7.3 ± 1.7 % 150 (mean ± S.E.), increasing to 18.9 ± 6.4 % cover by the end of the experiment (peak growth 151 period). 152
Rock pools were assigned randomly to treatments (n = 5). rest of the assemblage (Thomsen et al. 2016 ). Post-hoc pairwise t-tests were used to identify 252 differences between levels of significant terms. Post-hoc PERMDISP routines were 253 conducted on significant terms, after inspection of the nMDS plots, to detect differences in 254 the assemblages caused by treatment effects on the variation in assemblage structure rather 255 than shifts in assemblage structure. Percentage cover and abundance of taxa were classified 256 into functional groups and reanalysed to test for effects of the presence of S. muticum and 257 nutrient enrichment on functional diversity (Table S1 in Supplementary Material). 258
Analysis of variance (ANOVA) was used to test hypotheses relating to species richness, 259
Shannon-Wiener diversity and Pielou's evenness using a similar design with two fixed 260 factors: S. muticum (three levels) and nutrient concentration (three levels). Sargassum 
Results

279
At the end of the experiment, there was an effect of the presence of S. muticum on benthic 280 assemblage structure (MS = 4056.5, pseudo-F 2, 32 = 2.397, P = 0.006), however, there was no 281 effect of nutrient enrichment (MS = 771.9, pseudo-F 2, 32 = 0.456, P > 0.05). Post-hoc tests 282
showed that assemblage structure in rock pools without S. muticum differed from those where 283 it was present (Absent ≠ Present, t = 1.793, P = 0.008, Fig. 1 ) and from pools where it was 284 removed experimentally (Absent ≠ Removed, t = 1.731, P = 0.004, Fig. 1 ). When all taxa 285 were classified into functional groups, there remained an effect of the presence of S. muticum 286 13 on benthic assemblage structure (MS = 1748.4, pseudo-F 2, 32 = 2.320, P = 0.042) and no 287 effect of nutrient enrichment (MS = 275.61, pseudo-F 2, 32 = 0.366, P > 0.05). Post-hoc tests 288 again identified differences in assemblages without S. muticum compared to rock pools where 289 S. muticum was present (Absent ≠ Present, t = 1.689, P = 0.046) or had been removed 290 (Absent ≠ Removed, t = 2.240, P = 0.007). SIMPER analyses showed that these differences 291 in benthic assemblage structure were driven primarily by algal taxa, which were dominant in 292 both richness and abundance, rather than faunal taxa, and therefore, algal taxa were focused 293 on for the rest of the analysis. There was a greater proportion of the canopy alga, Fucus 294 serratus, the turf and sub-canopy algae (Ceramium spp. and Chondrus crispus), and all 295 ephemeral green algae (Chaetomorpha sp., Ulva spp. and Cladophora rupestris) in 296 treatments without S. muticum compared to treatments where it was present or had been 297 removed (Table S2 in Supplementary Material). In addition, there was an effect of the 298 presence of S. muticum on variation in benthic assemblage structure (PERMDISP: F 2, 38 = 299 4.886, P = 0.016, Fig. 1 ), however, post-hoc tests could not identify conclusively where 300 differences among treatments lay because pools with and without S. muticum had similar 301 variation in assemblage structure to rock pools where S. muticum had been removed 302 experimentally. There was also an effect of the presence of S. muticum on species richness 303 (MS = 34.15, F 2, 32 = 3.4165, P = 0.045, Fig. 2) , however, post-hoc tests could not identify 304 where differences lay because although species richness differed, i.e. was lower when S. 305 muticum was present than when it was absent, both these treatments were similar to the rock 306 pools where S. muticum was removed experimentally (Fig. 2) . Nutrient enrichment did not 307 affect species richness (MS = 8.45, F 2, 32 = 0.848, P > 0.05). Also, there was no effect of the 308 presence of S. muticum (MS = 0.052, There was an effect of the presence of S. muticum on total macroalgal biomass (Table 1a , Fig.  313 3A), however post-hoc tests were not fully conclusive because, although algal biomass was 314 greater in the pools where S. muticum was present compared to pools where it was absent, 315 both these treatments were similar to the treatment from which S. muticum was removed 316
experimentally. There was no effect of nutrient enrichment on total macroalgal biomass 317 (Table 1a , Fig. 3A) . In terms of responses of individual functional groups of algae, pools 318 where S. muticum was absent had a greater biomass of canopy algae than pools with S. 319 muticum and pools where S. muticum had been removed, but there was no effect of nutrient 320 enrichment (Table 1b, Fig. 3B) . Furthermore, the impacts of S. muticum on total and canopy 321 algal biomass did not differ depending on whether S. muticum biomass was included in the 322 analysis or not (Table 1a & b, Fig. 3A & B) . The effect of the presence of S. muticum on the 323 biomass of sub-canopy algal species differed with nutrient enrichment (as indicated by the 324 significant interaction between presence of S. muticum and nutrient enrichment, Table 1c),  325 however, post-hoc tests were unable to identify where differences among treatments lay (Fig.  326   3C ). The effects of the presence of S. muticum on the biomass of green ephemeral algae also 327 differed with nutrient enrichment, however, post-hoc tests could not determine where 328 precisely differences among treatments lay (Table 1f , Fig. 3F ). There was no effect of the 329 presence of S. muticum or nutrient enrichment on coralline or turf algal biomass (Table 1d & 330 e, Fig. 3D & E) . Microalgal biomass was lower in rock pools where S. muticum was present 331 or removed compared to pools without S. muticum (Table 1g , Fig. 3G ) and there was no 332 effect of nutrient enrichment on microalgal chlorophyll a concentration (Table 1g, Fig. 3G) . 333
Discussion 334
15
This study found that pools where Sargassum muticum was present had different benthic 335 assemblage structure from those without S. muticum, where the former tended to have a lower 336 abundance of canopy algae and reduced benthic species richness. Surprisingly, none of the 337 effects on assemblage structure were modulated by nutrient enrichment. Our findings did 338
show, however, that nutrient enrichment had variable interactive cumulative effects with the 339 presence of S. muticum on the biomass of some algal functional groups. There was no clear 340 effect of intensity of nutrient enrichment, which suggests that, contrary to our hypotheses, the 341 intensity of this stressor was not important in determining the cumulative effects in this rock 342 pool system. 343
The invasion-driven shift in benthic assemblage structure coincided with the peak algal 344 growth period. Unlike many native algal species, S. muticum undergoes senescence during 345 the winter months, where it loses a large proportion of biomass and percentage cover, re-346 growing during spring and reaching peak biomass during summer months (Wernberg et al. and non-invaded communities (Thomsen et al. 2005) . 360
The differences among benthic assemblages were characterised by a tendency towards 361 increased variability of assemblage structure and towards decreased species richness in the 362 presence of S. muticum. High spatial variability has been suggested to be a symptom of 363 stressed communities when exposed to anthropogenic disturbances (Warwick & Previous studies have identified antagonistic cumulative effects of the presence of S. muticum 393 and nutrient enrichment on total algal biomass in artificial assemblages (Vye et al. 2015 ). The 394 current study however, showed that the effects of S. muticum on total macroalgal and 395 microalgal biomass were not determined by nutrient enrichment. Here, the presence of S. 396 muticum was characterised by less total algal biomass regardless of whether S. muticum was 397 included in the analysis, indicating that the presence of S. muticum drove decreases in the 398 biomass of native species, such as the native canopy alga, F. serratus. Furthermore, there was 399 also less total microalgal biomass in treatments where S. muticum had been removed 400 suggesting that effects on total microalgal biomass were persistent even after removal of the 401 invasive species. This could be due to a number of mechanisms, for example, the increase in 
